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The aim of the present study was to evaluate the influence of different photopolymerization (halogen, 
halogen soft-start and LED) systems on shear bond strength (SBS) and marginal microleakage of composite resin 
restorations. Forty Class V cavities (enamel and dentin margins) were prepared for microleakage assessment, 
and 160 enamel and dentin fragments were prepared for the SBS test, and divided into 4 groups. Kruskal-Wallis 
and Wilcoxon tests showed statistically significant difference in microleakage between the margins (p < 0.01) 
with incisal margins presenting the lowest values. Among the groups, it was observed that, only at the cervical 
margin, halogen soft-start photo polymerization presented statistically significant higher microleakage values. 
For SBS test, ANOVA showed no statistical difference (p > 0.05) neither between substrates nor among groups. It 
was concluded that Soft-Start technique with high intensity end-light influenced negatively the cervical marginal 
sealing, but the light-curing systems did not influence adhesion. 
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1. Introduction 
Long-term success of composite resin restorations is directly 
related to accurate polymerization, which is crucial to obtain optimal 
physicochemical properties. Polymerization reaction occurs when 
there is light incidence with a wavelength within absorption spectrum 
of the photoinitiator and with enough intensity to keep it at the excita-
tion state, thus enabling it to react with the reduction agent (Amina-N) 
and form free radicals for a cascade reaction to begin1,2,3. 
In addition to wavelength, light intensity is also important to the 
polymerization process and it influences the mechanical properties 
of composite resin4,5 because is directly related to monomer-polymer 
conversion rate, which is determined by the number of double car-
bon bonds converted into single bonds. The polymerization of the 
resin matrix produces a gelatinization state, in which the restorative 
material is transformed from a viscous-plastic into a rigid-elastic 
phase6,7.
Current light-curing units can vary a lot with respect to light 
intensity, reaching values as high as 1,800 mW.cm–2, which allows 
less polymerization time with improved physical properties. However, 
high light intensities may increase dental structure temperature8 and 
polymerization shrinkage, thus producing internal tensions and pos-
sible crack propagation at tooth/restoration interface, which would 
lead to marginal microleakage2,9.
In view of this, newer devices and polymerization techniques 
have been developed in an attempt to minimize the stress caused by 
polymerization shrinkage and to improve composite resin mechanical 
properties. The Soft-Start polymerization technique has been intro-
duced as a system that reduces the initial conversion, which controls 
the flowability of the composite resins10,11. This slow polymerization 
reaction influences the flow characteristics and may be useful in at-
tenuating the shrinkage stresses and improving marginal adaptation. 
Subsequently, high light intensities are necessary for completing 
polymerization, reaching optimal mechanical properties12, and in-
creasing marginal integrity of composite restorations11,13.
Another system that has being employed for composite polym-
erization is the LED (light-emitting diode), a semi-conductive device 
composed by several semi-conductive layers that emit light when 
a tension is applied between these layers. LED system promotes 
a light with spontaneous emission and polychromatic in a narrow 
wavelength range2,14. LEDs present important characteristics such 
as: tension/intensity relation of current favorable for use in low ten-
sions, enabling evolution of battery source devices; long life span 
without power loss; spectral emission coincident with composite 
resin photoinitiator, and no need of using optical filter. In addition, 
there is minimal temperature rise during curing compared to halogen 
lamps (10 to 16 °C)15,16.
There are several options of visible light curing units on the 
market, with different light intensities and spectra, aiming at im-
proving the material’s properties, decreasing the exposure time and 
reducing the working time17. Further studies are necessary to assess 
the influence of newer polymerization sources on the properties of 
the different composites available. Therefore, the aim of this study 
was to assess in vitro the influence of different light-curing systems 
on the shear bond strength of a composite resin system to bovine 
enamel and dentin substrates and the marginal microleakage of class 
V composite resin restorations.
2. Method and Material
Four light-curing systems were used: group I (control)- con-
ventional halogen lamp (XL-3000; 3M Dental Products- St Paul, 
MN 55144- USA); group II- halogen soft-start system (JetLite 4000; 
J. Morita- 9 Manson Irvine, CA 92618- USA); group III- halogen soft-
start system CL-K200 (Kondortech Equip. Odont. Ldta- São Carlos, 
CEP 13563-410 Brazil); and group IV- LED light, Ultraled (Dabi 
Atlante S.A. Ind. Med. Odontológica- Rib Preto, CEP 14095-000 
Brazil) (Table 1). 
Fresh bovine incisors were stored in chloramine solution at 4 °C 
during 48 hours, and then washed in tap water and cleaned with peri-
odontal curettes. A total of 60 teeth were selected and kept stored in 
distilled water at 4 °C until use. 
70 Sassi et al. Materials Research
2.1. Microleakage testing
Forty incisors had their apices sealed with a light-cured compos-
ite. Class V cavity was prepared at buccal surface, with incisal margins 
in enamel and cervical margins in dentin/cementum. 
Cavities were prepared using water-cooled #245 carbide bur (JET 
Brand, Beavers Dental- Morrisburg, Box 900- Canada) attached to 
a high-speed handpiece (Silent MRS, Dabi Atlante S.A. Ind. Méd. 
 Odontológica, Ribeirão Preto, SP, Brazil). Cavities were finished with 
the same bur at low speed. Burs were replaced after every 5 preparation. 
The bevel was done at enamel cavity margin using a diamond bur #1190 
(KG Sorensen Ind. e Com. Ltda- Barueri, CEP 06465-130- Brazil). 
After preparation, teeth were randomly assigned to 4 groups (n = 10), 
according to the light-curing system (Table 1). Cavity dimensions were: 
4 mm mesiodistal distance, 3 mm gingivoincisal height and cavity depth 
was fixed at 2 mm using a periodontal probe.
Surfaces were etched with a 35% phosphoric acid gel (Etching 
Gel - 3M Dental Products- St Paul, MN 55144– USA) for 15 seconds, 
followed by rinsing for 30 seconds using air/water spray, dried with 
absorbing paper to remove excess water and keep the surface moist. 
Two layers of the adhesive system (Single Bond, 3M Dental Products- 
St Paul, MN 55144– USA) were applied and light cured for 20 sec-
onds. Afterwards, a hybrid composite resin (Filtek Z250, 3M Dental 
Products- St Paul, MN 55144– USA) was inserted in 1 mm-thick 
increments. First, increments were placed obliquely against incisal 
and cervical walls, respectively, and the latest increment filled the 
cavity, each one being light cured for 40 seconds.
All specimens were stored in distilled water at 37 °C ± 1 °C for 
24 hours, and then, polished with wet flexible aluminum oxide disks 
(Sof-Lex Pop-on – 3M Dental Products- St Paul, MN 55144– USA). 
Specimens were submitted to a thermocycling regimen of 500 cy-
cles between 5 and 55 °C waterbaths. Dwell time was 1 minute, 
with a 3-second transfer time between baths. In preparation for dye 
penetration test, teeth were superficially dried, the apices of all teeth 
were sealed with epoxy resin and the entire tooth received two coats 
of nail varnish, except for a 2 mm window around restoration margins. 
As the nail varnish dried, teeth were immersed in distilled water for 
2 hours, and then immersed in a 50% silver nitrate aqueous solution 
for 8 hours, kept in a light-proof container. 
Afterwards, the teeth were rinsed thoroughly in tap water and 
were embedded in chemically activated acrylic resin (JET, Classic, 
São Paulo – Brazil) and sectioned longitudinally in a mesiodistal 
direction with a water cooled diamond saw, in a sectioning machine 
(Minitom, Struers A/S, DK-2610, Copenhagen – Denmark), providing 
3 sections of each restoration.
Next, the sections were exposed to the light of a photoflood lamp 
for 20 minutes to reveal the silver nitrate, which, exposed to light, 
acquires a dark color, allowing visualization of the dye-penetrated 
areas. Sections were initially thinned in a polishing machine  (Politriz, 
Struers A/S, DK-2610, Copenhagen – Denmark), and then manually 
smoothed to obtain a flat surface and a final thickness of approxi-
mately 0.25 mm.
The cuts were identified and carefully fixed on microscope slides, 
and the margins were analyzed separately; each margin was viewed 
under a x5 magnification optical microscope (Axiostar Plus, Carl Zeiss 
Vision GmbH, 85399 München-Hallbergmoos - Germany) connected 
with x10 magnification lens to a digital camera (Cyber-shot 3.3 MPEG 
Movie EX, model No. DSC-S75, Sony Corporation - Japan). The images 
obtained were transmitted to a personal computer and, after digitization, 
analyzed by the Axion Vision 3.1 software (Carl Zeiss Vision GmbH, 
85399 München-Hallbergmoos - Germany), which performs a stand-
ardized assessment of the tracer agent’s extent along the margins and 
allows a quantitative measurement in millimeters. Depth of the cavity 
wall and dye penetration along occlusal and cervical margins toward 
axial wall were determined, and the percentage of dye penetration was 
calculated. Means of dye penetration for enamel and dentin interfaces 
were calculated for each group. 
Data were assessed as to distribution and since it was not normal, 
a non-parametric analysis was chosen. Kruskal-Wallis test was used 
for comparisons among groups, and Wilcoxon test for margins. 
2.2. Shear bond strenght test
The remaining 20 bovine incisors were sectioned on mesiodistal 
and occlusocervical directions, in such a way that 80 incisal surfaces 
(enamel) and 80 cervical surfaces (dentin) were obtained. The frag-
ments were randomly divided into 4 groups, according to the light-
curing system, for tests on enamel and dentin (n = 20). 
Sections were embedded in polyester resin using a 25 mm 
 diameter x 1.0 cm high PVC ring, and submitted to mechanical pol-
ishing in water-cooled machine, either to flatten enamel (or remove 
it) or to expose superficial dentin. The flat, smooth dentin surfaces 
were polished with #600-grit SiC paper for 30 seconds to produce a 
standardized smear layer.
Specimens were stored in distilled water at 4 °C during 24 hours 
for re-hydratation of dental tissues. To delimit the enamel and 
dentin-bonding sites, a small piece of insulating tape with a central 
orifice (2 mm diameter) was attached to specimen surface. The tape 
perforation was made by means of a modified rubber-dam punch to 
provide standardized orifices.
The delimited area was etched with a 35% phosphoric acid gel 
(Etching Gel - 3M Dental Products- St Paul, MN 55144– USA) during 
15 seconds, followed by copiously rinsing with air/water spray during 
30 seconds, and water excess removal by absorbing paper, leaving 
substrate slightly moist. Two layers of adhesive system (Single Bond 
- 3M Dental Products- St Paul, MN 55144– USA) were applied and 
light cured for 20 seconds with the tested light-curing units.
After bonding procedure, each specimen was fixed in a clamp-
ing metallic device (developed by Houston Biomaterial Research) 
in such way that the dentin site remained parallel to a flat surface. 
A split bisected Teflon® matrix (2 mm diameter) was positioned 
over the tooth/resin block resulting in a cylindrical cavity with the 
diameter coincident to the delimited bonding area. A hybrid light-
cured composite resin (Filtek Z250 - 3M Dental Products- St Paul, 
MN 55144– USA) was inserted into the matrix in increments, being 
each increment polymerized for 40 seconds. As the matrix cavity 
was completely filled, the specimen was removed from the clamp-
ing device and the matrix was opened and separated, leaving a resin 
cylinder bonded to the delimited tooth surface. After a 24 hours 
Table 1. Tested parameter description.
Photopolymerization devices Wavelength Type of light / Curing modes Power density
XL 3000 (Group I) Approximately 500 nm Halogen / Continous 500 mW.cm–2
Jet Lite 4000 (Group II) 400 to 520 nm Halogen / Soft-Start 50 to 1200 mW.cm–2
CL-K200 (Group III) 400 to 500 nm Halogen / Soft-Start 50 to 600 mW.cm–2
Ultraled (Group IV) 450 to 480 nm LED / Continous 130 mW.cm–2
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storage period in distilled water at 37 °C, the specimens were tested 
for shear strength until failure in a universal testing machine (DL 
2000, EMIC Equip. e sistemas de ensaios Ltda- São José dos Pinhais, 
CEP 83020-250 Brazil) at a crosshead speed of 0.5 mm/min and a 
50 kgf load cell. Bond strength values were obtained in kgf.cm–2 and 
after converted into MPa. Means and standard deviation were deter-
mined. As data distribution was normal, bond strength means were 
analyzed by two-way ANOVA. Multiple comparisons were done by 
Tukey’s test at a 0.05 significance level. Fracture sites of specimens 
were observed with a 40x stereomicroscope to assess the failure 
modes, which were classified as adhesive, cohesive or mixed.
3. Results
3.1. Microleakage test 
Means (%) and standard deviations of marginal microleakage 
at incisal and cervical margins for the different groups are given 
on  Table 2.
There was statistically significant difference (p < 0.01) between 
the incisal and cervical margins. The cervical group presented the 
highest mean. 
There were no significant differences among the light-curing 
units. When the incisal margins were assessed separately, no differ-
ences were found. However, when groups were assessed separately, 
only for cervical margins, a higher and statistically significant leakage 
(p < 0.05) was verified for group II, compared to groups III and IV, 
although being similar to group I. 
3.2. Shear bond strenght test
Shear bond strength means and standard deviations are given on 
Table 3. It can be observed that there was no statistically significant 
difference (p > 0.05) between substrates and among groups, as also 
in their interaction.
The analysis of failure sites revealed that the adhesive-failure 
mode occurred predominantly for all tested devices. 
4. Discussion
An important and crucial step to a successful restorative procedure 
is the polymerization of the adhesive system and composite resin, 
which is a paramount factor to attain accurate physical properties and 
good clinical performance of restorative materials18. When polymeri-
zation is not effective, some negative consequences may occur, such 
as postoperative sensitivity, decreased bond strength and increased 
marginal leakage, which is considered one of the main factors related 
to the longevity of restorations13,19,20. 
In the present study, a complete marginal sealing was not verified in 
the assessed experimental conditions, even using a cavity design with 
decreased dimensions and the incremental insertion technique. 
However, incisal margins presented better marginal sealing than 
cervical margins. This finding can be clearly explained, as dentin 
still represents a major challenge to adhesion because it consists of a 
tubular tissue structure with fluids, which can restrict the impregnation 
of adhesive agents in the substrate21. Such results support literature 
findings22,23,24,25, which report a better behavior of enamel margins 
than cervical margins at dentin/cementum. 
Among the tested-curing units, the marginal sealing observed with 
the LED lamp was similar to that found for conventional halogen light 
and Soft-Start technique, using moderate-end intensity. This result 
can be ascribed to the use of little increments during cavity filling, 
in addition to low intensity polymerization light, as a slow polym-
erization reaction of composite resin can cause less damage to the 
filling interface, by decreasing polymerization shrinkage stress14,26,27. 
Despite the low irradiance values demonstrated by LEDs on curing 
radiometers, LED units are more efficient in delivering usable light 
to photoactivate the camphoroquinone15. 
Results found for the group using Soft-Start polymerization tech-
nique with moderate-end intensity are probably due the fact that this 
unit presents a low initial light intensity (around 50 W.cm–2), which 
prolongs the period before reaching the gel point, increasing the flow 
capacity of the material, and a final intensity around 600 mW.cm–2, 
which is necessary to achieve complete polymerization and optimal 
mechanical properties12,13,25,28,29. However, these properties were 
not extremely high, being similar to those observed with the same 
conventional halogen light system used in the present study. Similar 
results were found by Kubo et al.30 in cervical cavities with a small 
C-factor. In the other hand, Santos et al.25 observed that the soft-start 
technique showed less microleakage for conventional curing mode. 
Ritter et al.31 and Attar et al.32 showed that there was no statistically 
significant difference in microleakage scores related to different 
light-curing units. 
Nevertheless, when using Soft-Start curing technique with a high 
final intensity (Group II), a greater cervical leakage was observed 
because even with a progressive increase of its light intensity, the 
manufacturer states that this device works only at 25% of the pro-
grammed time on Soft-Start system, which is probably not enough 
to enable a slow polymerization reaction. In addition, it reaches 
extremely high values, which could lead to excessive polymerization 
shrinkage and marginal gaps, as the advantages of the initial slow 
polymerization (more elasticity and less material tension) obtained 
with the Soft-Start method can be lost due to a rise in total shrinkage 
when the final exposure is too high33.
These results are similar to those found by others authors34, who 
observed that the shrinkage rate for all light-curing techniques was 
greater during light polymerization reaction and continued so after 
removing the light source. This shrinkage may be attributed to a 
thermal contraction due to loss of radiant heat and the progressive 
cross-linking reaction in the resin phase of the materials, which oc-
curred after light activation35.
Table 2. Means (%) and standard deviations of dye penetration at occlusal 
and cervical margins.
Groups Incisal margin Cervical margin
Group I
(XL-3000)
14.69 (±31.15) 59.27 (±23.72)
Group II
(JetLite 4000)
22.30 (±30.32) 76.95 (±19.43)
Group III
(CL - K200)
18.07 (±33.24) 54.13 (±25.82)
Group IV
(Ultraled)
23.48 (±31.36) 55.96 (±20.38)
Table 3. Means (MPa) and standard deviations of bond strength at enamel 
and dentin for each group.
Groups Enamel Dentin
Group I
(XL-3000)
21.51 (±4.72) 21.46 (±6.76)
Group II
(JetLite 4000)
19.50 (±5.99) 19.75 (±5.91)
Group III
(CL - K200)
19.91 (±5.02) 21.57 (±7.10)
Group IV
(Ultraled)
20.70 (±4.35) 18.92 (±7.71)
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However, the use of different curing units with variable light 
intensities did not influence the shear strenght of the monocomponent 
adhesive system and the composite resin to bovine dentin. Similar re-
sults were found by Amaral et al.36, despite D’Alpino et al.37 observed 
that LED light provide significantly lower bond strength values then 
the conventional light curing, probably due to the narrow radiation 
spectrum emitted by the LED system37. 
Such homogeneity on bond strength values is probably due to the 
fact that this test utilizes a configuration that minimizes shrinkage stress 
during sample preparation. Cavities, in contrast to flat surfaces, show 
a reduced free surface for shrinkage compensation by flow. Shrinkage 
stress is weak for configuration factors (C-Factors) lower than 1.0, and 
rises very quickly before leveling off at C-Factors over 3.038. 
Furthermore, during composite resin insertion, an incremental 
technique was used for all groups, with increments of 1 mm thick, 
minimizing dispersion caused by inorganic particles, which certainly 
decreases light intensity influence on complete polymerization in 
depth18. 
This similarity of results can also be explained by the fact that 
light produced by LED is situated in a narrow band wavelength 
(450 a 490 nm), which corresponds to canphoroquinone maximum 
absorption peak (470 nm), the main photoinitiator for polymerization 
of composite resins39. This light is formed by very close and highly 
energized colors, because the blue color has more energy than other 
wavelengths, producing greater polymerization efficiency even with 
lower power density. 
Results obtained by Soft-Start technique can be explained by 
the fact that initial shrinkage is minimized by a gradual increase of 
light intensity at the first seconds of polymerization, because most 
of the polymerization shrinkage takes place at the first 20 seconds of 
curing40. It is also during this period that most tension occurs within 
the bonding site. Therefore, it is important to use an exposure time 
that leads to least tension during this period, but still ensures the 
complete polymerization of the composite resin. One important way 
in which polymerization shrinkage can be controlled is by reducing 
polymerization speed. Feilzer et al. (1995)11 indicated that when 
polymerization of dental resins is accelerated, the molecular flow 
in the material is inhibited, thus causing inherent tension within the 
restoration, which may affect adhesion.
Thus, in the present study, only microleakage test, which involves 
a cavity with several walls to adhesion, was sensitive to the different 
polymerization techniques used. Further studies should be done, in such 
a way that the influence of the several cavity walls on adhesion integrity 
can be verified by using different photopolymerization sources.
5. Conclusions
Based on the methods used and results obtained in this study, it 
can be concluded that the use of the different light-curing systems 
did not affect the shear bond strength. Marginal leakage occurred in 
all specimens independently of the light-curing used, but cervical 
margin leakage was higher when the high-end light intensity soft-
start technique was used.
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